ABSTRACT. Random motility and chemotaxis of polymorphonuclear leukocytes ( P M N ) was evaluated after in vitro exposure to 0, 300, 600, and 900 ng/mL (0.84, 1.68, and 2.52 wmol/L) of indomethacin. PMN were obtained from cord blood of 22 preterm infants of less than 37 wk gestation. For comparison, PMN were obtained from cord blood of seven healthy full-term infants and from venous blood of 10 normal adults. In preterm infants, a significant decrease of random motility and chemotaxis of PMN was noted at all three drug concentrations; impairment of PMN function was dose dependent in the three groups ( p < 0.0001), with the greatest effect seen at 900 ng/mL (2.52 pmol/L). Significant impairment of random motility was noted in full-term infants when compared with adults at all indomethacin concentrations and in chemotaxis at 300 and 600 ng/mL (0.84 and 1.68 wmol/L). The study indicates that indomethacin has an adverse effect on PMN random motility and chemotaxis, which is more pronounced in preterm infants. Indomethacin is accepted therapy to achieve closure of the PDA in preterm infants (1). Bacterial infections are a major cause of morbidity and mortality in newborn infants, particularly preterm infants (2). The high incidence of sepsis in the neonate appears to be secondary to the immaturity of the immune system (3). Defects in antibody-mediated immunity and abnormal function of PMN are the two major proposed mechanisms by which the risk of bacterial infection is increased. It has been shown that during the neonatal period PMN from stable, preterm infants demonstrate significantly decreased random motility and chemotaxis when compared with PMN from healthy, term neonates and adults (4).
Indomethacin is accepted therapy to achieve closure of the PDA in preterm infants (1) . Bacterial infections are a major cause of morbidity and mortality in newborn infants, particularly preterm infants (2) . The high incidence of sepsis in the neonate appears to be secondary to the immaturity of the immune system (3). Defects in antibody-mediated immunity and abnormal function of PMN are the two major proposed mechanisms by which the risk of bacterial infection is increased. It has been shown that during the neonatal period PMN from stable, preterm infants demonstrate significantly decreased random motility and chemotaxis when compared with PMN from healthy, term neonates and adults (4) .
Indomethacin is commonly used in the first 2 wk of life, a time when the rate of septicemia in the newborn is highest (1) (2) (3) 5) . Indomethacin has been shown to alter the PMN function in human and animal models, but conflicting reports have been published by different authors (6) (7) (8) (9) . The objective of this study was to determine if random motility or chemotaxis of PMN in preterm infants is altered by in vitro exposure to concentrations of indomethacin similar to that of plasma after indomethacin therapy. We also examined whether PMN from full-term infants and adults would similarly show alterations in random motility or chemotaxis.
SUBJECTS AND METHODS

Subjects.
The study subjects consisted of three groups. Group I comprised 22 preterm infants (gestational age 32.5 & 3.1 wk; birth weight 1884 + 659 g) born at North Shore University
Hospital from September to December 199 1. There were equal numbers of males and females. Fourteen were born by cesarean section and eight by normal vaginal delivery. Because each infant served as his or her own control, infants with a history of maternal drug intake were included in the study. Four mothers were given magnesium sulfate and two received ritodrine for tocolysis before delivery. Two mothers received betamethasone for lung maturation within 24 h of delivery. One mother was on digoxin and furosemide for congestive heart failure.
Group I1 comprised seven full-term, healthy neonates (gestational age 39.1 k 1.2 wk; birth weight 3230 f 16 1 g) born at North Shore University Hospital during the same period. There were three males and four females. Two were born by cesarean section and five by normal vaginal delivery. There was no history of drug intake in any of the mothers. Group I11 comprised 10 healthy adult volunteers. None of the volunteers was on any medication.
The study was approved by the Institutional Research and Publications Review Committee on human subjects at North Shore University Hospital. Informed consent is not required by the North Shore University Hospital Institutional Research and Publications Review Committee for obtaining cord blood from human subjects.
PMN function studies. For preterm and term infants, cord blood was obtained in the delivery room from the veins of the fetal side of the placenta after the placenta was extracted. Blood was obtained using an IS-gauge needle and a 10-mL plastic syringe. Blood was heparinized with 10 units/mL of heparin after collection. From adults, a venous sample was obtained and heparinized as above. PMN function studies were commenced within half an hour of collection. PMN were separated according to the method of Boyum (10) and washed twice in HBSS without Ca, Mg, and phenol red. The cells were adjusted to a concentration of 10 x lo6 PMN/mL in HBSS. One-half mL of cell suspension (5 X lo6 cells) was added to each of four plastic tubes. In tube I, which served as a control, 900 ng/mL (0.84, 1.68, and 2.52 rcm~l/L), respectively. Total
volume of fluid was adjusted to 2 mL by adding HBSS to these tubes. The tubes were then incubated with gentle shaking in a 37°C water bath for 30 min. The cells were washed again with HBSS before motility assays were performed. The cells were adjusted to a concentration of 2 x lo6 PMN/mL in 2% BSA for random motility and chemotaxis. After separation, cell suspension contained >85% PMN and trypan blue dye exclusion showed >95% PMN viability.
Random motility and chemotaxis were tested by a modified Boyden technique with the use of blind-well chambers (NeuroProbe, Inc., Bethesda, MD) and 5 pm pore cellulose nitrate filters (Millipore Corp., Bedford, MA) (1 1). Pooled human serum activated by Zymosan (Sigma Chemical Co., St. Louis, MO) was used as a chemoattractant. Tissue culture medium-199 (Gibco Laboratories, Grand Island, NY) was used to determine random motility. Samples were tested in duplicates after incubation of cells for 2 h at 37°C. Random motility and chemotaxis were expressed as the mean depth in pm at which the leading front of PMN was in focus using a x40 objective. Mean value represents the average of readings in five randomly chosen microscopic fields in each filter.
Statistical analysis. Repeated measures analysis of variance was used to evaluate all data. The data obtained with zero drug concentration (control) were compared with those obtained with 300, 600, and 900 ng/mL (0.84, 1.68, and 2.52 pmol/L) indomethacin.
To determine the intergroup differences, multiple comparisons (Tukey's studentized range test) was performed. A value less than or equal to 0.05 was considered the significance threshold (12) .
RESULTS
In preterm infants, <37 wk gestation, a significant impairment of random motility of PMN was noted in comparison to the values obtained in full-term infants and adults (Fig. 1 ). These differences were observed in the absence of indomethacin but were more pronounced at all three drug concentrations used. At all concentrations of indomethacin, random motility in full-term infants was significantly lower than that of adults (Fig. 1) . A significant dosage effect (p < 0.0001) was found in the three groups, with impairment of random motility increasing with increased doses of indomethacin.
There was also a very significant reduction in the chemotaxis of PMN from preterm infants as compared with that of full-term infants and adults in the absence of indomethacin and at all concentrations. Chemotaxis values of full-term infants were lower at 300 and 600 ng/mL (0.84 and 1.68 pmol/L) than those of adults (Fig. 2) . In chemotaxis, as well as in random motility, impairment of the three groups to graded indomethacin concentrations was observed and was significant at thep < 0.0001 level. The relative effect of indomethacin in vitro on random motility was greater in the PMN of preterm infants than in the PMN of full-term infants and adults at 600 and 900 ng/mL (1.68 and 2.52 pmol/L) (Fig. 3) . This difference was particularly apparent at the highest concentration. At all concentrations, relative values of full-term and adult PMN were indistinguishable. Similarly, relative chemotaxis was more affected in the preterm PMN than in the PMN of full-term infants and adults at 600 and 900 ng/ mL (1.68 and 2.52 pmol/L) (Fig. 4) .
DISCUSSION
In this study, indomethacin was found to impair PMN random motility and chemotaxis in preterm as well as full-term infants and adults ( Figs. 1 and 2) . In preterm infants, a concentration of only 300 ng/mL (0.84 pmol/L) of indomethacin produced a very significant decline of both random motility and chemotaxis. This effect was not observed, however, in the PMN of either fullterm infants or adults. The impairment in motility was progressive with increasing concentration in the three groups. It was consistently more pronounced at a concentration of 900 ng/mL (2.52 pmol/L), a level usually achieved in the plasma of preterm infants after a single dose of 0.2-0.3 mg/kg (0.55-0.83 pmol/kg) indomethacin administered during the first week of life (1 3).
The results also indicate that the PMN of preterm infants have greater sensitivity to indomethacin than the PMN of the two other groups (Figs. 3 and 4) . The lower doses of indomethacin (300 and 600 ng/mL) (0.84 and 1.68 pmol/L), which elicited significant decline in random motility and chemotaxis in preterm infants, had no effect on the PMN of adults. Only starting at 600 ng/mL (1.68 pmol/L) was there a reduction of the two parameters in the PMN of full-term infants.
PMN function has been shown to be affected by antiinflammatory drugs, including indomethacin (6-9). Possible impairment of PMN function has been extensively studied in animals. The random motility of preterm infant leukocytes was consistently lower than that of the other two groups' PMN. The values of full-term PMN were also lower than those of adults at all indomethacin concentrations (300 ng/mL = 0.84 pmol/L; 600 ng/mL = 1.68 pmol/L; 900 ng/mL = 2.52 pmol/L). The error bars denote the SEM. For preterm infants, n = 22; full-term infants, n = 10; adults, n = 7. RELATIVE RANDOM MOTILITY (%) ** P(0.01 vs. same conc. FULLTERM ++ P(0.01 vs. same conc. ADULTS Fig. 3 . Relative random motility of PMN of preterm and full-term infants and adults in the presence of indomethacin in vitro. The reduction of random motility in the PMN of preterm infants was significantly different from that of full-term infants only at 900 ng/mL (2.52 /Lmol/L), but it was more pronounced than that of adult PMN at 600 and 900 ng/mL (1.68 and 2.52 pmol/L). Other characteristics of data presentation are as in Figure 1 .
in different animal species. Indomethacin was able to reduce chemotactic activity of inflammatory exudates for both PMN and monocytes in Wistar rats (14) . This effect was postulated to be due to reduced plasma kininogen levels and prostaglandins. Similarly, other investigators have reported lower random and directed motility of PMN at the inflammatory site; this impairment was noted to be dose dependent and due to inhibition of PMN cyclooxygenase activity (7, 15) . However, in another study, no inhibition of PMN accumulation and motility was noted when indomethacin was placed on nitrocellulose discs implanted subcutaneously into mice (1 6).
In human adults, a dose-dependent inhibition of superoxide generation has been reported in PMN that were preincubated with indomethacin (8). This inhibition was seen at indomethacin concentrations approximating plasma and tissue levels obtained in adults at usual therapeutic doses. Similarly, preincubation of adult PMN in vitro with indomethacin resulted in an inhibition of formyl-methionyl-leucyl-phenylalanine-induced aggregation of PMN, but had no effect on superoxide generation (1 7).
In the neonatal literature, to our knowledge, there is only one other study on the effect of indomethacin on PMN function. No difference was found in PMN chemotaxis and adherence before, and 2 to 4 h after, oral indomethacin administration in nine preterm infants (1 8). However, in a retrospective chart review, the same authors noted a significant increase in the incidence of sepsis in a group of preterm infants treated with oral indomethacin for PDA when compared with infants treated with surgery or usual medical management. The negative results of that paper (18) stand in contrast to previous studies in adults that indicated abnormalities in PMN function induced by indomethacin (8-9, 18) as well as to the results obtained in our study. Moreover, the greater sensitivity of the preterm infants' PMN to indomethacin observed in our study is suggestive of an increased susceptibility of the preterm infant's immune system to the adverse effects of indomethacin as compared with full-term infants and adults.
In summary, the in vitro findings of significant reduction of PMN function by doses of indomethacin easily attainable during 
